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[Name of Document] DESCRIPTION 

[Title of the Invention] ETCHING APPARATUS, ETCHING METHOD, 
AND OPENING PLATE USED THEREIN 
[Scope of Claims for a Patent] 
[Claim 1] 

An etching apparatus with an opening plate placed on a surface 
of a s-ubstrate to be etched, said opening plate being provided 
with a number of opening portions, characterized in that a 
chamfered portion is formed on a corner of opposing dnd faces 
of the opening portion of the opening plate. 
[Claim 2] 

The etching apparatus according to claim 1, characterized 
in that the opening plate is made of metal . 

[Claim 3] 

The etching apparatus according to claim 1 or 2, 
characterized in that the opening plate is made of aluminum. 
[Claim 4] 

The etching apparatus according to any one of claims 1 to 
3, characterized in that the etching apparatus is a reactive 
ion etching apparatus. 

[Claim 5] 

An etching method, in which an opening plate provided with 
a plurality of opening portions is placed on a surface of a 
substrate to be etched, characterized in etching with a chamfered 
portion formed on a corner of opposing end faces of the opening 
portion of the opening plate. 
[Claim 6] 

An opening plate for an etching apparatus, provided with 
a number of opening port ions and placed on a surface of a substrate 
to be etched, characterized in that a chamfered portion is formed 
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on a corner of opposing end faces of the opening portion of the 
opening plate. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to an etching apparatus, an 
etching method, and an opening plate used therein and, more 
particularly to an etching apparatus , an etching method suitably 
used in roughening a surface of a silicon substrate used in a 
solar cell or the like, and an opening plate used therein. 

[0002] 

[Prior Art and Problems to Be Solved by the Invention] 

A solar cell is an element that converts incident light 
energy into electrical energy. Main solar cells are classified 
into crystal -based, amorphous -based, and compound-based solar 
cells depending on materials used. Among others, crystalline 
silicon solar cells account for a large percentage of the solar 
cells currently available on the market. The crystalline 
silicon solar cells are further classified into 
single -crystal line type and mult i -crystalline type. A silicon 
solar cell of a single-crystalline type has an advantage that 
efficiency can be readily improved due to the substrate of high 
quality, but has a drawback that the manufacturing cost of the 
substrate is high. On the contrary, a multi -crystalline type 
silicon solar cell has a drawback that efficiency cannot be 
readily improved due to the substrate of inferior quality, but 
has an advantage that the manufacturing cost is low. Inaddition, 
in recent years, improvement in quality of the multi-crystalline 
silicon substrate and advancement in the cell fabrication 
technique have made it possible to achieve conversion efficiency 
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of approximately 18% at the research level. 
[0003] 

On the other hand, while mult i -crystalline type solar cells 
at the mass -product ion level have been available on the market 
because they can be manufactured at a low cost, the demand is 
now on the increase due to growing concern about environmental 
issues in recent years, and there is a need to achieve higher 
conversion efficiency at a low cost. 
[0004] 

Many attempts have been made to improve the efficiency of 
conversion to electrical energy. One such attempt relates to 
a technique of reducing reflection of light incident on the 
substrate, and conversion efficiency to electrical energy can 
be improved by reducing reflection of light. 
[0005] 

In a case where a solar cell is fabricated from a silicon 
substrate, reflection on the surface of the substrate can be 
reduced to some extent by etching the surface of the substrate 
with alkaline aqueous solution, such as sodium hydroxide, to 
form fine unevenness on the surface. 

[0006] 

In the case of a single -crystalline silicon siibstrate having 
a (100) -plane orientation, a pyramid structure called a texture 
structure can be formed on the surface of the substrate by the 
method described above . Etching with alkaline aqueous solution, 
however, depends on the plane orientation of crystals, and for 
this reason, in a case where a solar cell is fabricated from 
a multi -crystalline silicon substrate, a pyramid structure 
cannot be formed homogeneously, which raises a problem that 
overall reflectance cannot be reduced effectively. 
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[0007] 

In order to eliminate such problems, there has been proposed 
an idea of forming fine unevenness on a surface of a substrate 
through the reactive ion etching method when a solar cell element 
is fabricated from mult i -crystalline silicon (see Japanese 
Patent Publication No. 60-27195 and Japanese Patent Application 
Laid-open Nos . 5-75152 and 9-102625} . In other word, this idea 
is to reduce reflectance of a solar cell element particularly 
usingmulti - or y s tallinesilicon more effectively by f or mi ng f ine 
unevenness homogeneously regardless of anomalous plane 
orientations of the mult i -crystalline silicon. 
[0008] 

FIG. 3 illustrates a structure of a solar cell element. 
InFIG. 3, numeral Idenotesasilicon substrate, numeral 2 denotes 
unevenness, numeral 3 denotes an impurity diffusion layer on 
the light -receiving surface side, numeral 4 denotes an impurity 
diffusion layer on the back side surface (BSF) , numeral 5 denotes 
an ant i- reflection film, numeral 6 denotes a surface electrode 
and numeral 7 denotes a back surface electrode. 
[0009] 

The silicon substrate 1 is a single-crystalline or 
mult i- crystalline silicon substrate. This substrate may be 
either of p- type or n- type. The silicon substrate 1 is fabricated 
through the Czochralski method or the like in the case of 
single-crystalline silicon, and through casting method or the 
like in the case of the multi-crystalline silicon. 
Multi-crystalline silicon is quite advantageous over 
single-crystalline silicon in terms of the manufacturing costs 
because it can be mass-produced. An ingot made through the 
Czochralski method or the casting method is sliced into a 
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thickness of approximately 300 (jmand cut into a silicon substrate 
with a size of approximately 15 cm x 15 cm. 
[0010] 

On the surface side of the silicon substrate, there is formed 
fine unevenness 2 to effectively take in the input light without 
reflecting it. This is performed as follows. That is, a gas 
is introduced into an evacuated chamber to maintain a constant 
pressure, and plasma is generated by applying RF voltage to the 
electrode provided inside the chamber. The surface of the 
substrate is then etched by the action of resulting activated 
seeds, such as ions and radicals. In this method referred to 
as the reactive ion etching (RIE) method, apparatuses as 
illustrated in FIGS. 4 and 5 are used. 
[0011] 

In FIGS. 4 and 5, numeral 8 denotes a massflow controller, 
numeral 9 denotes an RF electrode, numeral 10 denotes a pressure 
regulator, numeral 11 denotes a vacuum pump, numeral 12 denotes 
an RF power supply and numeral 13 denotes a tray. Gas is 
introduced from a massflow controller 8 into the apparatus, and 
RF electric power is introduced from an RF electrode 9 to generate 
plasma, by which ion or radical is excited and activated, and 
the surface of the silicon siibstrate 1 on a tray 13 placed on 
the top of the RF electrode 9 is etched by the action of the 
ions and radicals . In the apparatus shown in FIG. 4 , the surface 
of a single silicon substrate 1 is etched by providing the RF 
electrode 9 inside the apparatus. On the contrary, in the 
apparatus shown in FIG. 5, the surfaces of a plurality of silicon 
substrates 1 are etched concurrently by providing the RF 
electrode 9 on the outside wall of the apparatus. 
[0012] 
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A method in which, of all the generated active species, 
the effect of etching by the actionof ions is enhanced is generally- 
referred to as the reactive ion etching method. Similar methods 
include plasma etching. The generation principle of plasma is 
basically the same, where the distributions of kinds of active 
species acting upon a substrate are only changed into different 
distributions depending upon a chamber structure, electrode 
structure or generated frequency. 
[0013] 

Basically, silicon evaporates when it is etched. However, 
it does not evaporate completely andmolecules bond to one another, 
thereby being left as residuals on the surfaces of the substrate. 
When a gas condition, reaction pressure or RF power is defined 
so that silicon residue remains on the surface of a silicon 
substrate, unevenness 2 can be reliably formed. On the contrary, 
under such a condition that no residue remains on the surface 
of a substrate 1, it is difficult to form unevenness. 
[0014] 

However, conditions for forming unevenness are delicate 
and change with the structure of an apparatus. Where fine 
unevenness 2 cannot be formed homogenously, the photoelectric 
conversion efficiency of a solar cell drops. Accordingly, the 
conversion efficiency of the solar cells must be improved to 
reduce the cost since the value of individual solar cells is 
determined by the power generation efficiency thereof . 
[0015] 

A reactive ion etching apparatus used in the reactive ion 
etching method is generally of a parallel plate electrode type, 
wherein an RF voltage is applied to the side of electrode 9 on 
which a substrate 1 is placed and the electrode on the other 
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side and an inner sidewall are connected to the ground. The 
interior of the container is evacuated by an evacuating pump 
and, while the pressure is maintained constant by introducing 
etching gas, a substrate 1 placed inside is etched. Because 
of the procedure described above, waiting times for evacuation 
and leaking to atmosphere are long in a reactive ion etching 
apparatus. In many cases, the reactive ion etching apparatus 
is used for precise small -sized semiconductor devices such as 
LSIs, however, in the case of a solar cell, the solar cell itself 
is large and only a small number of substrates can be processed 
at a time . Therefore, there is a problem that the manufacturing 
cost is increased. Accordingly, in using the reactive ion 
etching apparatus in a solar cell manufacturing process, an 
important point is how the process time per substrate is 
shortened. 
[0016] 

One method for shortening process time per substrate has 
been disclosed in Japanese Patent Application Laid-Open No. 
2001-130430 . In this method, the roughing method for a silicon 
substrate 1, where while etching residue is being deposited onto 
the silicon substrate, etching and roughing are performed and 
subsequently, the etching residue is removed. At this time, 
to promptly form residue serving as a mask during dry etching 
and accelerate formation of unevenness 15, the substrate 1 is 
covered with an openingplate 14 provided with a number of openings 
15 before etching. The formation speed of the unevenness 2 is 
improved, and etching horaogeneousness within a batch is improved 
with this method. 
[0017] 

FIG. 6 illustrates the opening plate 14 . In FIG. 6, numeral 
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15 denotes an opening portion and numeral 16 denotes a sidewall 
portion. FIG. 7 illustrates a state in which the opening plate 
14 is disposed on the substrate 1 . In PIG. 7, numeral 14 denotes 
an opening plate, numeral 1 denotes a siibstrate to be etched, 
such as a silicon substrate, numeral 13 denotes a tray, numeral 
9 denotes an RF electrode, numeral 17 denotes an insulator and 
numeral 18 denotes a chamber wall. The opening plate 14 is 
disposed spaced from the silicon substrate 1 by an appropriate 
interval . 
[0018] 

Use of this method enables etching of a large area during 
dry etching, thus a number of substrates 1 can be etched 
concurrently. In addition, the formation speed of unevenness 
2 is improved to shorten processing time, thus processing time 
per substrate can be significantly reduced. 
[0019] 

As a method for maintaining a distance between the opening 
plate 14 and the silicon substrate 1, forming the sidewall portion 
16, for example, as shown in FIG. 6, is simple. A method for 
etching while covering the silicon siibstrate 1 with the opening 
plate 14 is effective, particularly for a large area in which 
an etching area exceeds 1 m square. However, if such an opening 
plate 14 having a large area is manufactured, it is distorted 
by the deadweight of the opening plate 14 itself. Because the 
opening plate 14 is heated by plasma during etching, deformation 
due to the deadweight may further accelerate. The larger the 
area is, the more difficult it becomes to precisely control the 
distance between the silicon substrate 1 and the opening plate 
14 . In such a case, increasing the thickness of the opening 
plate 14 or the height of the sidewall portion 16 is effective 
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as a countermeasure to be taken. Because even increasing the 
thickness of the opening plate 14 may not decrease the distortion 
because of an increase in the deadweight, a method of reducing 
the thickness of the central portion of the opening plate 14 
is also effective. However, even if the thickness of a central 
port ionls reduced, the dimension of at least a peripheral portion 
must be increased . The deformation problem of the opening plate 

14 can be solved by increasing its thickness. 
[0020] 

However, there rises the problem that increasing the 
thickness of the opening plate 14 causes plasma to become unstable 
in individual areas of the opening portions 15 and, if the plasma 
becomes too unstable, no unevenness is formed. For example, 
given 3 mm as a distance between the opposing end faces of the 
opening portion 15 of the opening plate 14, plasma remains stable 
when the thickness ia 5 mm or less; however, when the thickness 
exceeds 5 mm, plasma is destabilized, and the efficiency of 
forming unevenness is deteriorated. 
[0021] 

A measure to prevent plasma from being destabilized is to 
enlarge the opening width between end faces of opening portions 

15 is increased, or to decrease the thickness of the opening 
plate 14 is effective. However, when the opening width between 
the opposing end faces of the opening portion 15 is increased, 
the residue trapping effect is reduced. The effect of promoting 
the formation of residues on the surface of the substrate 1 
directly below is then reduced, which in turn slows down the 
formation of the unevenness. The formation speed is different 
from that of unevenness on the surface of the silicon substrate 
1 at a portion without opening portion 15, which results in 
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irregularity. 
[0022] 

The opening width of the opening portions 15 is originally 
set in such a manner that the unevenness is will be formed more 
effectively by consideration to the opening shape, an open area 
ratio, openingpitches of the overall openingplate 14, a distance 
between the opening plate 14 and the substrate 1, and the like. 
Hence, regulating the opening width of the opening portions 15 
with the aim to stabilize plasma may result in a failure to achieve 
the original object, and provides no essential solution. 
[0023] 

In view of the foregoing problem with the conventional 
technique that the plasma becomes unstable at the opening 
portions of an opening plate, it is an object of the present 
invention to provide an etching apparatus and an etching method 
for efficiently and homogenously forming unevenness on a surface 
of a semiconductor substrate, in particular , a silicon substrate 
used for a solar cell, and an opening plate used therein. 
[0024] 

[Means for Solving the Problems] 

In order to attain the above-mentioned object, an etching 
apparatus according to claim 1 of the present invention includes 
an opening plate placed on a surface of a substrate to be etched, 
said opening plate being provided with a number of opening 
portions, and is characterized in that a chamfered portion is 
formed on a corner of opposing end faces of the opening portion 
of the opening plate. 

[0025] 

In the etching apparatus, preferably, the opening plate 
is made of metal and more preferably is made of aluminum. 
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[0026] 

Preferably, the etching apparatus is a reactive ion etching 
apparatus . 
[0027] 

In an etching method according to claim 5 of the present 
invention, an opening plate provided with a plurality of opening 
portions is placed on a surface of a substrate to be etched, 
and the method is characterized in etching with a chamfered 
portion formed on a corner of opposing end faces of the opening 
portion of the opening plate, 
[0028] 

An openingplate according to claim 6 of the present invention 
is provided with a number of opening portions and placed on a 
surface of a substrate to be etched, and is characterized in 
that a chamfered portion is formed on a corner of opposing end 
faces of the opening portion of the opening plate. 
[0029] 

[Mode for Carrying out the Invention] 

An embodiment of the present invention will be specifically 
described with reference to the accompanying drawings . 

FIG. 1 shows an etching apparatus according to the present 
invention. In FIG. 1, numeral 14 denotes an opening plate, 
numeral 1 denotes a substrate to be etched, such as a silicon 
substrate, numeral 13 denotes a tray, numeral 9 denotes an RP 
electrode, numeral 17 denotes an insulator and numeral 18 denotes 
a chamber wall . 
[0030] 

FIG. 2 shows an enlarged view of an opening portion 15 in 
an opening plate. As shown in FIG. 2, in the present invention, 
a corner of opposing end faces of an opening portion 15 is chamfered 
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to form a chamfered portion 18 and hence the thickness of the 
opening plate 14 can be apparently reduced in the vicinity of 
the opening portions 15 where plasma is readily destabilized, 
andplasma canbe thus generated stably . In the example described 
above, when an opening plate 14 made of aluminum with 3 mm as 
opening width li and 6 mm as thickness ti is used, a width I2 
and a height ta forma C surface of 0 . 9 mm or greater, respectively, 
thereby stably forming plasma. The width I2 of the chamfered 
portion 8 varies depending on etching conditions and can be 
defined according to the respective conditions. Accordingly, 
the present invention is not limited to these values. 
[0031] 

As the chamfered portion 18, for example, an R surface may 
be formed, and in any case, any form that can apparently reduce 
the thickness of the opening plate 14 at the opening portion 
5 is applicable. In addition, in this example, the opening 
portions 15 of the opening plate 14 are shaped like a slit. 
However, opening portions 15 may be of a circular shape or a 
rectangular shape. Also, the opening pattern may be a grid 
pattern or zigzag pattern or the like. 
[0032] 

The open area ratio, which is the ratio of the opening 
portions 15 with respect to a flat portion in the opening plate 
14 , plays an important role in forming unevenness , Preferably, 
the open area ratio is 5 to 4 0%. Where the open area ratio is 
smaller than 5%, supply of gas required for silicon etching 
becomes insufficient and the formation speed of residue becomes 
low, and therefore unevenness formation is delayed. On the 
contrary, where the open area ratio is larger than 40%, the effect 
of trapping residue formed from si 1 icon compound generated during 
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etching between the opening plate 14 and the substrate 1 becomes 
reduced, thus reducing the residue forming effect. 
[0033] 

The present invention is particularly advantageous in 
etching such a large area that an etching chamber area exceeds 
1 m square, but is effectively applicable in a case of a small 
area as well. When there is a hardware problem due to which 
it is impossible to sufficiently improve homogeneousness by 
changing other etching conditions, the present invention is 
particularly effective. 
[0034] 

The material of the opening plate 14 may be either aluminum 
or glass material. Where ease of processing the opening plate 
14 is concerned, metal is preferable, however stainless steel 
or the like is not suitable because the stainless steel corrodes 
when exposed to the gas used to etch silicon . On the other hand, 
during etching, the metal generates heat because of exposure 
to plasma. The temperature varies greatly with the conditions 
and, in the process, the substrate is removed to let stand in 
air when formation of unevenness is completed after the 
temperature rises in plasma. Therefore, it is preferable to 
use a material that can withstand a temperature cha^nge. In a 
case where a number of substrates to be etched are aligned and 
etching is performed across a large area at a time , i t is preferable 
to use metal because glass material is so brittle that it readily 
breaks . Since the processing performance is such that it allows 
various kinds of processing on the opening plate 14, a small 
self-weight is desired in order to reduce deformation of the 
opening plate 14, and considering the point of corrosion 
resistance to the gas used for etching, it is particularly 



13 



preferable to use an opening plate 14 made of aluminum as the 
primary component . 
[0035] 

[Effects of the Invention] 

As described above, according to the present invention, 
an etching apparatus includes an opening plate formed with a 
plurality of opening portions placed on the surface side of a 
substrate to be etched, having a chamfered portion formed on 
a corner of an end face of the opening plate opposing the opening 
portion. Accordingly, the chamfered portion can stabilize 
unstable plasma conditions generated by increasing the thickness 
to increase the distortion resistance of the opening plate and 
hence etching in a large area can be performed, unevenness can 
be formed on the surface of a silicon substrate with high tact 
and at low cost , thereby forming a solar cell with high efficiency . 

[0036] 

The etching method according to claim 5 implements etching 
using an opening plate formed with a chamfered portion provided 
on a corner of an end face opposing an opening portion. This 
configuration can stabilize unstable plasma conditions 
generated by increasing the thickness to increase the distortion 
resistance of the opening plate and hence etching in a large 
area can be performed, unevenness .can be formed on the surface 
of a silicon substrate with high tact and at low cost, thereby 
forming a solar cell with high efficiency. 
[0037] 

The opening plate for etching apparatus according to claim 
6, in which a chamfered portion is provided at a corner of an 
end face opposing the opening portion, can stabilize unstable 
plasma conditions generated by increasing the thickness to 
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increase the distortion resistance of the openingplate andhence 
etching in a large area can be performed, unevenness can be formed 
on the surface of a silicon substrate with high tact and at low 
cost, thereby forming a solar cell with high efficiency. 
[Brief Description of the Drawings] 

[FIG. 1] PIG. 1 is a view illustrating an etching apparatus 

according to the present invention. 

[FIG. 2] FIG. 2 is a partially enlarged view showing an opening 
plate used in an etching apparatus according to the present 
invention. 

[FIG. 3] FIG. 3 is a view showing a solar cell element formed 
using a conventional etching apparatus. 

[FIG. 4] FIG. 4 is a view showing a conventional etching 
apparatus . 

[FIG. 5] FIG. 5 is a view showing another conventional etching 
apparatus , 

[FIG. 63 FIG. 6 is a view showing an opening plate used in a 
conventional etching apparatus . 

[FIG. 7] PIG. 7 is a view showing a conventional etching method. 
[Description of Reference Numerals] 

1 SILICON SUBSTRATE 

2 UNEVENNESS 

3 IMPURITY DIFFUSION LAYER ON LIGHT-RECEIVING SURFACE SIDE 

4 IMPURITY DIFFUSION LAYER ON BACK SIDE SURFACE (BSF) 

5 ANTI -REFLECTION FILM 

6 SURFACE ELECTRODE 

7 BACK SURFACE ELECTRODE 

8 MASSFLOW CONTROLLER 

9 RF ELECTRODE 

10 PRESSURE REGULATOR 
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11 VACUUM PUMP 

12 RF POWER SUPPLY 

13 TRAY 

14 OPENING PLATE 

15 OPENING PORTION 

16 SIDE WALL PORTION 

17 INSULATOR 

18 CHAMFERED PORTION 
[Name of Document] ABSTRACT 
[Summary] 

[Problem] To efficiently and homogenously form unevenness on 
a surface of a substrate by stabilizing plasma in the vicinity 
of an opening portion in an opening plate. 

[Solving Means] An etching apparatus with an opening plate 14 
placed on a surface of a sxibstrate to be etched, the opening 
plate 14 being provided with a number of opening portions , wherein 
a chamfered portion is formed on a corner of opposing end faces 
of the opening portion 15 of the opening plate 14 . 

[Selected Diagram] FIG. 1 
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